Objective.-The aim of the prospective longitudinal service evaluation was to reveal the incidence of persistent headache at 18 months following accidental dural puncture with a 16-gauge Tuohy needle. This followed an observation that a subset of female patients was presenting to the local pain medicine clinic with persistent headache following an accidental dural puncture.
INTRODUCTION
Epidural analgesia is one of the most frequently used modalities for providing pain relief during labor. 1 Accidental dural puncture (ADP) is a well-recognized complication of the technique and over two thirds of these patients develop post dural puncture headache (PDPH). 2, 3 It is generally accepted that PDPH is a self-limiting condition. However there is emerging evidence that PDPH following ADP can result in persistent headache. [4] [5] [6] [7] [8] [9] In a retrospective series with a case control design, Webb et al found that 28% of patients who developed PDPH had chronic headache at 18 months when compared to 5% of the controls. 8 A subsequent retrospective study in over 300 parturients with a documented accidental dural puncture revealed an incidence of chronic headache of 34.9%. 9 One of the authors (GN) observed a subset of female patients presenting with persistent headache following an accidental dural puncture. In the absence of data on the incidence of persistent headache in our obstetric population, we decided to perform a prospective service evaluation in patients who suffered an accidental dural puncture. The authors present the first prospective report on the incidence of persistent headache at 18 months following an accidental dural puncture in the obstetric population.
METHODS
The prospective service evaluation was performed at a tertiary maternity unit at a tertiary university teaching hospital. Patients who suffered an accidental dural puncture with a 16-gauge Tuohy needle during labor were prospectively followed up over telephone at 6 monthly intervals for 18 months. The prospective service evaluation was registered with the Clinical Audit Safety and Effectiveness (CASE 7542), University Hospitals of Leicester NHS Trust, United Kingdom and covered accidental dural punctures between May 2015 and November 2016. Post dural puncture headache was diagnosed based on International Headache Society (IHS) criteria: postural headache occurring within 5 days of dural puncture and usually accompanied by neck stiffness and/or subjective hearing loss. 10 Following ADP, some patients received an intrathecal catheter for a short duration (2-4 hours). PDPH management included initial conservative measures (acetaminophen, ibuprofen, dihydrocodeine, tramadol, and systemic morphine) followed by interventional treatment in those who failed conservative treatment. Patients were offered an epidural blood patch (EBP). If there was a contraindication to an EBP or if the patients refused an EBP, they were offered greater occipital nerve block (GONB) with dexamethasone. 11, 12 Informed written consent was obtained for telephone follow-up at 6 monthly intervals for 18 months. Patients provided consent for their de-identified data to be used for analysis and for publication in a peer reviewed journal. History of pre-existing low back pain and headache including type and frequency was gathered. Patients reporting new onset headache or worsening of pre-existing headache at 12-month follow-up were seen in the pain medicine clinic by one of the authors (GN).
RESULTS
Over an 18-month period, 45 accidental dural punctures (ADP) were recorded.
Accidental Dural Puncture.-ADP occurred following epidural insertion for labor analgesia in 38 patients. The dural puncture was witnessed in 32 patients (71%). In 7 patients, ADP followed epidural needle insertion during combined spinal epidural (CSE) for providing anesthesia for elective cesarean section.
Long-Term Follow-Up.-Five patients refused consent for long-term telephone follow-up. Forty patients (89%) consented for long-term follow-up. One patient (2.5%) was lost to follow-up. Thirty-nine patients (87%) completed 18-month follow-up.
PDPH Management.-Thirty-two patients (32/39, 82%) developed post dural puncture headache while 7 patients (18%) did not develop any symptoms. Of the 32 patients who presented with PDPH, 5 patients (16%) responded to conservative measures.
Twenty-seven patients failed conservative management. Eight patients received GONB. Four of these patients responded while 4 patients required additional EBP.
Overall, 23 patients received 1 or more EBP. Pre-Existing Headache and Low Back Pain.-Eleven patients reported pre-existing headache (9 migraine and 2 tension-type headache, TTH). Seven patients reported pre-existing low back pain.
Telephone Follow-Up.-Telephone review at 18 months revealed 12 patients (12/40, 30%) with persistent headache. This excluded 2 patients with no change to their pre-existing headache (1 migraine, 1 TTH).
Five patients reported new onset persistent headaches and 6 patients reported worsening of pre-existing migraine headache. One patient with TTH reported new onset headache that was different to the pre-existing headache.
Epidural 
DISCUSSION
This prospective series reveals that post dural puncture headache from an ADP could result in the development of new onset persistent headache as well as worsening of pre-existing headache. Over a quarter of patients reported new onset headache or worsening of pre-existing headache following an ADP. In a majority of patients, there was a significant impact resulting in multiple visits to their general practitioner. Seven patients reported new onset low back pain.
MacArthur et al performed a retrospective postal survey in 4766 women who received epidural anesthesia/analgesia at 13 months to 9 years following childbirth. This included 74 accidental dural punctures. They evaluated persistent headache lasting for more than 6 weeks following childbirth. They found that 23% of patients with ADP reported persistent headache lasting 6 weeks when compared to 7.1% of women who underwent an uneventful epidural. 7 Subsequently, Webb et al performed a retrospective case control (1:1) study. The study was in 40 ADP patients followed up between 12 and 24 months following epidural insertion. They found the incidence of chronic headache was significantly higher in ADP patients when compared to matched-controls (28% vs 5%). They reported that treatment with an epidural blood patch did not increase the risk of developing chronic low back pain. 8 Thereafter, Ranganathan et al performed a
retrospective study looking at persistent symptoms (headache and low back pain) at 6 weeks following ADP with a 17-gauge Tuohy needle. They compared 308 ADP patients with 50 patients who received an uneventful epidural. They found a significantly higher incidence of persistent headache at 6 weeks (34.9% vs 2.2%) as well as persistent low back pain (58.1% vs 4.4%). 9 The present series is the first prospective longterm evaluation of the incidence of persistent headache following an ADP. Our results match those by Webb, MacArthur, and Ranganathan.
7-9 ADP and subsequent development of PDPH could increase the risk of developing new onset persistent headache as well as cause worsening of pre-existing migraine headache. Seven patients did not develop PDPH following a witnessed ADP. None of these patients reported persistent headache or low back pain at 6, 12, or 18 months even though 1 patient had both pre-existing headache and low back pain. In this series, 6 patients received an intrathecal catheter and only 1 patient reported persistent headache at 18 months. This patient had pre-existing migraine headache.
Post dural puncture headache results from the sagging of the meninges due to intracranial hypotension. The meningeal irritation from sagging activates the trigeminal nucleus caudalis (TNC), which results in an increased activity in the trigeminal and upper cervical nerves. 11, 13, 14 The culmination is a postural headache associated with neck stiffness. Headache is believed to resolve once the dural tear heals and the intracranial volume is restored. Persistent headache could result from central sensitization of the trigeminal nucleus caudalis (TNC). Risk factors that may predispose to central sensitization of TNC include: persistent dural leak of CSF, history of migraine, history of persistent pain elsewhere in the body, a history of anxiety and or depression, and severe prolonged inadequately controlled PDPH. Persistent leak of the cerebrospinal fluid could cause repeated stimulation (wind up) and central sensitization of the TNC. The dural leak could be severe, causing significant postural headache, photophobia, neck stiffness, and confirmed on MR imaging with gadolinium enhancement. These patients could respond to an epidural blood patch. However, persistent headache could also result from a low grade CSF leak that could cause central sensitization of the TNC without producing overt postural symptoms or abnormal findings on MR imaging. In our series, none of the patients with chronic headaches who underwent imaging showed signs of intracranial hypotension. The role of an epidural blood patch in this scenario is unclear as it risks another dural puncture and its effectiveness cannot be assured. Two patients in our series suffered dural puncture during an attempted EBP. We have had some success with greater occipital nerve treatment in managing patients with persistent headaches following ADP. 15 This may support the hypothesis of central sensitization of the TNC, as the greater occipital nerve is the efferent arm of this circuit.
In patients with pre-existing migraine headache, the dural leak could worsen pre-existing central sensitization of the TNC. 16 In our cohort, 8 patients (8/40, 20%) reported pre-existing migraine headache. At 18-month follow-up, 6 patients (75%) reported worsening of migraine headache. A history of anxiety and/or depression is a recognized risk factor for persistence of pain after a traumatic event. 17 In this series, 3 patients (25%) with persistent headache reported pre-existing anxiety or depression. The severity and prolonged duration of PDPH before effective treatment could be a risk factor. Severe poorly controlled postoperative pain is a known risk factor of persistent pain after surgery.
Intrathecal catheter can reduce the severity of PDPH and could provide some protection. 19, 20 Six patients received an intrathecal catheter and only 1 patient (16%) developed persistent headache. This patient had pre-existing migraine as well as anxiety disorder. It is unclear whether EBP protects from developing persistent headache. 8 Twenty-three patients received EBP and 10 patients (43%) developed persistent headache. Chronic low back pain following pregnancy can be multifactorial in origin. There are some reports suggesting epidural blood patch to be a risk factor. 9, 21, 22 In this series, 23 patients received 1 or more EBP. Six patients (26%) developed new onset persistent low back pain. Persistent headache following accidental dural puncture appears to have similarities with both migraine headache as well as post dural puncture headache. The bi-frontal headache is usually non-postural although there may be some relief on assuming a supine position. Sensitivity to light is common. Nausea and neck stiffness can be present. Auditory symptoms and diplopia are rare.
The limitation of this report includes a small cohort and a lack of a control arm. From the available evidence, PDPH due to accidental dural puncture can no longer be considered a self-limiting condition. Early aggressive interventional management of PDPH, especially in patients with a history of migraine, anxiety, depression, or pain elsewhere in the body could possibly mitigate the risk of developing persistent headache. There could a role of performing a combination of greater occipital nerve block (GONB) with steroids on day 1 with EBP to follow if symptoms persist or multiple blood patches with the first patch performed on day 1.
11,23 Use of prolonged intrathecal catheter (24 hours) with adequate precautions should be encouraged to reduce the intensity of PDPH. 20 PDPH is one of the commonest causes for lawsuits against anesthesiologists in the United States of America. 20 In conclusion, it may be time to include persistent headache as one of the potential complications when consenting for epidural analgesia for labor. We are currently running a multicenter prospective study evaluating the incidence of headache and low back pain at 18 months following an accidental dural puncture (NCT03080779). 
